INTRODUCTION {#sec1-1}
============

On June 2016, the World Health Organization (WHO) declared the end of the most recent outbreak of Ebola virus disease (EVD) in Guinea and Liberia.\[[@ref1]\] The EVD outbreak in West Africa was a global health threat resulting in 28,616 total suspected, probable, and confirmed cases with \>11,310 total deaths recorded since December 2013 according to the WHO situation report.\[[@ref1]\]

The global concerns are justified by the challenge of early diagnosis, the lack of specific treatment and vaccines, the endemic nature of poor communities, and the high number of fatalities.\[[@ref2][@ref3]\] However, many epidemiologists view EVD as a challenge to the health-care system rather than a scientific challenge. In favor of this view is the wide variation in the mortality rate ranging from 20% to 80% in developed and developing countries, respectively.\[[@ref4]\]

Ebola virus (EV) was named after a river in Northwestern Zaire, now the Democratic Republic of Congo, where the first documented outbreak emerged in 1976.\[[@ref3][@ref5][@ref6]\] The virus, like Marburg virus, is an enveloped, nonsegmented, negative sense, single-stranded RNA virus. Together, they form the genera of *Filoviruses*. EV has five distinct species, namely, Zaire, Sudan, Tai forest, Bundibugyo, and Reston, which greatly differ in their characteristics and fatality.\[[@ref7]\] Mortality rates range from 80% with Zaire species, the causative agent of the recent outbreak in West Africa, to 40% with Bundibugyo species. However, most of the past outbreaks were caused by the Sudan species. Reston species is the only identified Asian species of EV with no human cases reported.\[[@ref8]\]

Since 1976, many outbreaks occurred in Sudan, central and West Africa. Nevertheless, the recent outbreak, hitting three countries simultaneously; Guinea, Liberia, and Sierra Leone, stands out for the longest duration, the largest numbers infected, and its relatively high fatality rate.\[[@ref9]\] In addition, it is the first outbreak in a densely populated urban area with many cases in the capitals of the affected countries.\[[@ref10]\] Once it crossed the borders, affecting the United States and Europe,\[[@ref11][@ref12]\] with four U.S citizens infected,\[[@ref13]\] EVD gained much more attention. On August 2014, the WHO declared this outbreak as a Public Health Emergency of International Concern (PHEIC) seeking greater efforts to fight against this fatal disease.

We conducted a literature search in MEDLINE/PubMed and Google Scholar using the following keywords: "Ebola, EVD, Hemorrhagic Fever, Outbreak." Through this review, we aim at providing simple, yet comprehensive overview of EVD with an emphasis on pathogenesis, transmission, diagnosis, treatment, and prevention. Because they operate on the frontlines, health-care workers\' (HCWs) preparedness is essential to prevent and manage the next outbreaks, especially in resource-limited communities.

PATHOGENESIS {#sec1-2}
============

Definitive pathogenesis of EVD is still unknown due to the lethal nature of the virus and rarity of human studies.\[[@ref14]\] Concurrent transmission of EVD occurs through two main routes; animal-to-human and human-to-human contacts.\[[@ref3][@ref15]\] Animal-to-human transmission occurs through handling bush meat\[[@ref10][@ref16]\] or direct contact with infected nonhuman primates\[[@ref17]\] (such as chimpanzees, gorillas, fruit bats,\[[@ref18]\] and monkeys\[[@ref10]\]). However, human-to-human transmission is the main route and occurs through intimate contact with infected cases (i.e., family-based transmission) or exposure to the blood and other body fluids of patients exhibiting clinical manifestations, or even after the handling of the dead bodies. Blood, semen, and vomitus are the most infectious body fluids.\[[@ref19]\] Despite its detection in breast milk, breastfeeding is not a confirmed route for EV transmission, which is the case for droplet, air, and mosquito and insect bites as well.\[[@ref10]\]

On initial infection, EV invades through breaks in the skin, causing cells such as monocytes, macrophages, and dendritic cells to modulate their genes, undergo apoptosis, and release viral particles to extracellular tissue. Viral particles migrate from the infected cells to the regional lymph nodes causing lymphadenopathy. Bloodstream dissemination to the liver and spleen induces an active inflammatory response\[[@ref4]\] associated with hepatocellular necrosis and lymphopenia. EV then induces release of pro-inflammatory mediators such as cytokines (interfe1 interleukin) and chemokines that cause dysregulation of the immune system. Released cytokines and tumor necrosis factor-α from infected macrophages disturb the vasculature system integrity resulting in disseminated intravascular coagulation (DIC) and multiple organ failure.\[[@ref16]\]

DIAGNOSIS {#sec1-3}
=========

The early clinical diagnosis of EVD is challenging due to the vague presentation that usually overlaps with multiple differential diagnoses, including malaria, dengue fever, typhoid fever, meningococcemia, and other bacterial infections.\[[@ref20]\] The presentation of the disease usually starts after an incubation period that ranges from 3 to 21 days with an average 12.7 ± 4.3 days, according to Eichner *et al*.\[[@ref21]\] The disease itself usually lasts from 4 to 15 days.\[[@ref22]\]

Patients usually develop symptoms abruptly in three phases \[[Table 1](#T1){ref-type="table"}\]. Most cases initially present with sudden, nonspecific symptoms of fever, chills, headache, myalgia, and general malaise for a few days. These symptoms are usually followed within the first week by progressive gastrointestinal symptoms such as anorexia, nausea, and abdominal discomfort followed by excessive watery diarrhea and vomiting which may lead to severe fluid loss and intravascular volume depletion. During the second phase, the patient either recovers or deteriorates to the third stage, in which the patient may develop neurological symptoms and collapse.\[[@ref23]\]

###### 

Symptoms and signs of Ebola virus disease
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In the 2014 outbreak, the most commonly reported symptoms were fever (87.1%), vomiting (67.6%), fatigue (76.4%), diarrhea (65.6%), loss of appetite (64.5%), headache (53.4%), and abdominal pain (44.3%).\[[@ref24]\] Bleeding (in the form of petechiae, ecchymosis, oozing from venipuncture sites, pregnancy-related hemorrhage, and/or mucosal hemorrhage) was detected in 30%--36% of cases in previous outbreaks.\[[@ref3]\] However, it was reported in only 18% of the recent outbreaks with blood-in-stool presentation in about 6% of cases.\[[@ref24]\] Major bleeding occurs late in the course of the disease in most cases.

Physical examination of patients with suspected EV infection should be done with precautionary isolation procedures and personal protective equipment (PPE) usage. It should include assessment of vital data and other possible findings such as maculopapular rash, bleeding, hepatomegaly, lymphadenopathy, and neurological signs.\[[@ref14]\] Fever (\>37.5°C) is usually a presenting sign and should raise concern in any patient with suspected epidemiological risks.\[[@ref24][@ref25]\] However, normal temperature or even hypothermia may occur, especially in late stages.\[[@ref6][@ref26]\] Pulse--temperature dissociation has been noted in the prior and recent outbreaks. Bradycardia is usually present in the initial stages of the disease, in contrast to tachycardia which occurs later in the fatal infections. Hypotension is usually present in the preterminal and shock stages. Tachypnea occurs in the severe infection, and it is explained by the respiratory compensation of the metabolic acidosis rather than the infection itself.\[[@ref6]\]

A nonpruritic, erythematous, maculopapular rash usually develops early in 25%--52% of patients by days 5--7 that involves neck, trunk, and arms.\[[@ref6][@ref27][@ref28]\] However, in the 2014 outbreak, it was not a prominent feature (5% of patients).\[[@ref3]\] It may start as a focal lesion and then become diffuse and confluent. Tender hepatomegaly and lymphadenopathy are rarely reported.\[[@ref3]\]

Neurological signs such as confusion, depressed consciousness, and seizures are rare,\[[@ref14]\] and may be due to encephalitis, metabolic problems, or sepsis-induced encephalopathy.\[[@ref29][@ref30]\] Multi-organ failure (acute kidney injury, pancreatitis, acute adrenal failure, and hepatic failure) and shock are common in advanced infections due to massive fluid loss and sepsis.\[[@ref14]\] Patients die typically between days 6 and 16 after the onset of symptoms.\[[@ref31]\]

Regarding laboratory diagnosis \[[Table 2](#T2){ref-type="table"}\],\[[@ref20]\] it is important to confirm infection with EV due to the clinical similarity in symptoms with other endemic diseases. However, laboratory tests take time and are not specific and thus need to be correlated with the clinical findings.\[[@ref20]\] Laboratory diagnosis of the virus can be achieved through assessing two points; host-specific immune responses to the virus and detection of viral particles or their components in blood after the onset of symptoms. While viral particles can be detected by reverse transcription-polymerase chain reaction in the blood after 3--10 days of symptoms, it may take months to be detected in other body fluids such as semen. Negative tests should be repeated after 48 h to avoid early false-negative results. Testing for malaria is routine for any suspected case.\[[@ref20][@ref32]\]

###### 

Specific and nonspecific investigations of Ebola virus disease
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PREVENTION {#sec1-4}
==========

The lack of specific treatment for EVD makes prevention the cornerstone in the fight against Ebola. Immediate isolation of suspected cases with prompt notification of health authorities is very important before proceeding in any investigation to decrease transmission to HCWs and other patients.\[[@ref14][@ref33]\] [Figure 1](#F1){ref-type="fig"} demonstrates "Think Ebola" which is a tool, developed by the Centers for Disease Control and Prevention (CDC), to help HCWs to early diagnose and report suspected cases of Ebola.

![The Centers for Disease Control and Prevention\'s four steps to early diagnose the cases of Ebola virus disease](AJM-7-96-g003){#F1}

During the 2014 outbreak, 509 of 874 infected HCWs died from the virus.\[[@ref34]\] Therefore, strict infection control measures by HCWs should be carried out. They should avoid any direct contact with the patients\' bodies or their fluids without using PPE. In addition, it is important to maintain close monitoring of individuals who have been exposed to patients with EV to identify any symptom or sign as early as possible.\[[@ref35]\]

Once the diagnosis of EVD is confirmed, HCWs should follow the guidelines of the CDC and WHO while managing their patients through isolation in special rooms, hand hygiene, standard contact and droplet precautions, and the appropriate use of PPE.\[[@ref36]\]

Women with suspected or confirmed Ebola should avoid close contact with their children, including breastfeeding, especially if the infant can receive adequate care and nutrition in other ways according to the CDC. In resource-limited settings, as there is no clear evidence about virus transmission through breast milk, it is important to weigh the risk of virus transmission against the risk of malnutrition development if there are no other safe alternative feeding options.\[[@ref37]\]

Regarding sexual transmission, the CDC and WHO advise against sexual activities for EVD survivors until their semen has twice tested negative. This is because the virus may persist in body fluids, even after its disappearance from the blood. If abstinence is not possible, a condom can be used.\[[@ref38]\]

Unfortunately, to date, there are no Food and Drug Administration (FDA)-approved vaccines to prevent the spread of Ebola.\[[@ref39]\] Experimental vaccines have proved their success in protecting laboratory primates against lethal EV challenge. These include cAd3-ZEBOV (chimpanzee-adenovirus vector type three encoding for Ebola glycoprotein \[GP\]), rVSV-ZEBOV (recombinant vesicular stomatitis vector encoding for Ebola GP), recombinant adenovirus type five vector encoding for Ebola Zaire and Sudan GP, a virus-like particle vaccine, and recombinant adenovirus alone.\[[@ref40]\] Multiple human trials have been initiated in many countries including Africa. However, the WHO expert panel in September 2014 informed that cAd3-ZEBOV and rVSV-ZEBOV are the most advanced candidates to fight the West African outbreak. Studies on healthy volunteers to evaluate cAd3-ZEBOV and rVSV-ZEBOV vaccines indicated that both low and high doses were immunogenic and relatively safe.\[[@ref41]\] During 2014 outbreak, rVSV-ZEBOV vaccine was administered as postexposure prophylaxis to four HCWs, and none of them developed the disease.\[[@ref42]\] In addition, it was given to another six cases in West Africa, and all patients experienced self-limited symptoms and did not develop the disease.\[[@ref43]\]

TREATMENT {#sec1-5}
=========

The absence of FDA-approved drugs for EVD amplifies the role of prevention and early detection of cases, especially in affected areas where advanced care is not readily available. The first step in the management of suspected cases is appropriate isolation in Ebola Treatment Centers (ETCs) with strict infection control measures by trained teams followed by screening all contacts of the suspected case.\[[@ref20]\] In ETCs, the mainstay in the treatment of EVD is supportive and symptomatic in nature, gaining time for an appropriate immune response to occur. Continuous monitoring of vital signs (temperature, respiratory rate, pulse and blood pressure), urine output, and serum electrolytes is essential. Invasive diagnostic or therapeutic maneuvers should be avoided when possible.\[[@ref4][@ref44]\]

Patients mostly die from dehydration and electrolyte imbalance caused by vomiting and diarrhea. Rehydration, by oral rehydration solution (ORS) or intravenous (IV) fluids, with daily electrolyte monitoring can prevent vascular collapse and maintain electrolyte balance. Volume replacement is determined based on the degree of dehydration assessed by clinical signs and by following the plans A, B, and C for mild, moderate, and severe dehydration, respectively. ORS is commonly preferred in patients with no or mild dehydration. For IV fluids, lactated Ringer\'s solution is preferred to normal saline, and it is associated with less mortality. Follow-up can be done through assessment of clinical signs of dehydration, fluid input and output, serum electrolytes, and lactate levels.\[[@ref4][@ref45]\] [Table 3](#T3){ref-type="table"} shows a simplified guide for symptomatic treatment of EVD based on the WHO and Canadian Critical Care guidelines.

###### 

Simplified guide for symptomatic treatment of Ebola virus disease
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Throughout the period of care, monitoring for EVD complications with prompt treatment in tertiary care centers is of top priority. Renal insufficiency is suspected in anuric patients and is confirmed by laboratory tests. Renal replacement therapy should be promptly started. Although uncommon, major bleeding can be managed by whole blood transfusion. Septic shock needs close monitoring of vital signs, central venous pressure, and urine output in concordance with oxygen flow, IV fluids, and broad-spectrum antibiotics. DIC management should be customized for each patient with plasma/clotting factor transfusion recommended only in patients with active bleeding.\[[@ref21][@ref45]\]

Antiviral drugs, such as interferon and ribavirin, were investigated for a potential role in EVD. However, their use in EVD patients remains unclear while the current studies continue to explore their potential benefits.\[[@ref46]\] Convalescent-phase plasma/blood transfusion with whole blood collected from patients recovered from EVD was approved by the WHO as a treatment choice in the recent outbreak. Theoretically, the ready-made antibodies could attack the viral particles and eliminate the disease from the current patient. It was reported to reduce mortality to 12% in eight cases during the Kikwit epidemic in 1995.\[[@ref47][@ref48]\] However, the practice remains controversial and requires further investigation.

There are huge rising efforts to develop specific EV therapy. Among dozens of tested drugs, ZMapp and TKM-Ebola are the most promising. ZMapp is a combination of three monoclonal antibodies that target specific viral GPs, while TKM-Ebola interferes with viral RNA polymerase L and two other proteins essential for replication.\[[@ref49]\] Both drugs have shown effectiveness in animals and nonhuman primates. ZMapp was provided to two American patients during the recent outbreak with promising results.\[[@ref50]\] However, none of the potential therapies are even close to FDA approval. Extensive studies on humans involving close ethical consideration will need to be carried out to address the safety and efficacy of these potential new drugs.\[[@ref20][@ref51]\]

CONCLUSION {#sec1-6}
==========

During the past 3 years, multiple efforts have been done in the battle against EVD in West Africa. Despite the success to put an end to the current outbreak, it may not be the last outbreak. It is imperative that more efforts are required to develop vaccines and specific treatments to prevent future threats. However, the fact that the trials to develop such vaccines or treatments are still far away necessitates emergency preparedness for early detection and control.

Operating on the frontlines, HCWs are considered the master players in the prevention of the onward spread of the epidemic. Establishing good clinical knowledge about the disease and infection control measures is the main weapon to fight against the next outbreaks. Therefore, it is necessary to develop training programs to increase awareness about the diseases among HCWs, especially in the afflicted areas.

Financial support and sponsorship {#sec2-1}
---------------------------------

Nil.

Conflicts of interest {#sec2-2}
---------------------

There are no conflicts of interest.
